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Phytoplasma Genome Sequencing Initiative (PGSI) Annotation School, The John Innes Centre 
(JIC), Norwich, UK, Feb 20-24, 2012. 
 
Background information: 

Saskia Hogenhout (SH, JIC, Norwich UK), Xavier Foissac (XF, INRA Bordeaux, France) and 
Michael Kube (MK, Humboldt University, Berlin, Germany) of working group 4 (WG4) organized 
the Phytoplasma Genome Sequencing Initiative (PGSI) with the goal to disseminate knowledge 
about how to carry out annotation of phytoplasma genome sequences.  

PGSI was organized as follows:  
SH emailed a PGSI application form to all COST Action FA0807 members. PGSI participants 

complete the form and submit (CsCl-enriched) phytoplasma DNA samples to The Genome 
Analysis Centre (TGAC, Norwich, UK). TGAC conducts quality controls of submitted DNA 
samples, generates the libraries and conducts the sequencing. TGAC then transfers the 
sequence reads to MK, who separates the phytoplasma reads from those of the (contaminating) 
plant/insect host and assembles the phytoplasma reads into contigs. Michael transfers the 
assembled contigs to XF, who uploads the contigs into the iANT annotation database in 
collaboration with Sebastien Carrere (INRA Toulouse, France).  

At the time of the school, PGSI participants completed forms for 20 phytoplasma samples of 
which 18 phytoplasma were submitted. All 18 samples were approved for library construction 
and sequencing. TGAC sequenced 12 samples. Of these, 6 samples were assembled into 
contigs and four phytoplasma genomes were uploaded for annotation into iANT. In addition to 
these four, SH provided Maize bushy stunt phytoplasma genome sequence data for uploading 
into iANT. Thus, the PGSI school participants had access to sequence data of 5 phytoplasma 
genomes.  

The goal of the school was to teach PGSI participants how to use iANT for annotation, so 
that the participants can annotate their own phytoplasma genomes as soon as they become 
accessible in iANT.  

 
School minutes: 
 
Monday, Feb 20, 2012 
Participants (18 trainees, 8 trainers and 2 invited speakers) arrived at the John Innes Centre at 
ca 2 PM. Akiko Sugio and Allyson MacLean (SH lab) took the participants on a ca. 45-min tour 
of the JIC campus. The annotation school started at 3.30 PM at the Chris Lamb Training facility. 
The lecture theatre has been designed for bioinformatics workshops. Each participant had 
his/her own computer and was able to follow instructions of lecturers on the big computer 
screen. 
At 3.30 PM SH opened the PGSI school with an introduction and an overview of the school 
program. She also informed the audience about the PGSI objectives and progress (see 
background information). 
At 4 PM Melanie Febrer (TGAC, Norwich, UK) presented a lecture on library construction and 
sequencing methods. She also provided an overview of library and sequencing results obtained 
at the time of the school. 
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At 4.30 PM MK presented a lecture on sequence assembly methods and parameters. He 
showed the assembly results of 6 phytoplasma genomes.  
At 5.15PM XF showed the status of the 5 phytoplasma genomes that are available for 
annotation in iANT, and presented a lecture on theoretical basis of annotation. 
All PGSI school attendees had dinner in The Red Lion restaurant in Norwich. 
 
Tuesday, Feb 21, 2012 
PGSI school participants arrived at the Chris Lamb training suite at 9 AM. 
From 9.15 – 11.30 AM, XF showed the iANT2.0 and Narcisse annotation tools, and conducted a 
real-time annotation of a CDS.  
At 11.30 AM, Chih-Horng Kuo (Institute of Biology, Academia Sinica, Taiwan) presented a 
lecture: Comparative Analysis of Gene Content Evolution in Mollicutes. 
After lunch break, the PGSI participants were divided into 5 annotation consortia. Consortium 1 
was in charge of annotating the Maize bushy stunt phytoplasma (MBSP) genome, consortium 2 
the Flavescence dorée phytoplasma (FD) genome, consortium 3 the ‘Ca. P. rubi’ genome, 
consortium 4 the Stolbur phytoplasma genome and consortium 5 the ‘Ca. P. aurantifolia’ 
(WBDL) genome. Each consortium consisted of ca. 5 annotators headed by one supervisor. 
The consortia annotated until 6 PM. 
At 7 PM the pizza-baking event started in the Chris Lamb Training suite Blue Skies room and 
garden of the John Innes Centre . 
 
Wednesday, Feb 22, 2012 
PGSI school participants arrived at the Chris Lamb training suite at 9 AM. 
The annotation jamboree continued at 9.15 AM and took all day. Jamboree was intercepted with 
20-min coffee/tea breaks at 10.30 AM and 3.30 PM and a one-hour lunch at 12.30 PM. The 
PGSI school participants got together for a group photo at 12.15 PM. All participants received a 
copy of the photo. 
At 7 PM, we had dinner in the Mad Moose pub (Norwich city centre). 
 
Thursday, Feb 23, 2012 
PGSI school participants arrived at the Chris Lamb training suite at 9 AM. 
The annotation jamboree continued until 11 AM. 
At 11.30 AM, Pascal Sirand-Pugnet (University of Bordeaux, Segalen, France) presented a 
lecture: Comparative genomics with Molligen 3.0, basis of Core Genome & Pan-Genome 
Analysis. 
After lunch break, Pascal gave a “Molligen 3.0 Practical Training” tutorial and after coffee break 
Pascal showed how to use Molligen 3.0 for obtaining graphical representations of genome data.  
Participants had Indian take away dinners in the Chris Lamb Training suite Blue Skies room. 
 
Friday, Feb 24, 2012 
PGSI school participants arrived at the Chris Lamb training suite at 9 AM. 
At 9.15 AM, the 5 consortia presented the results of the annotation jamboree (ca. 10 min per 
consortium) and Saskia Hogenhout summarized main conclusions and chaired a Project Follow-
up and Publication Strategy discussion. 
Between 10.30 AM and noon, most participants left to catch their trains and flights. 
A group of ca. 6 people joined for a tour to Blickling Estate (lunch and hike).
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Abstracts 
 
Phytoplasma Genome Sequencing Initiative (PGSI) school objectives and progress 
Saskia A. Hogenhout 
The John Innes Centre, Norwich, NR4 7UH, United Kingdom 
 

The goal of PGSI is to work with the EU-COST FA0807 phytoplasma community to sequence 
more phytoplasma genomes at about 2 Gb of 100-bp reads per phytoplasma DNA sample. The 
call for phytoplasma samples was sent out to all FA0807 members on July 2, 2011. 
Approximately 20 laboratories responded and submitted phytoplasma DNA samples to the 
Hogenhout lab at the John Innes Centre. These were checked for quality and quantity and then 
forwarded to The Genome Analysis Centre (TGAC) for a second quality assessment and library 
construction and sequencing. At the time of the PGSI school, 18 phytoplasma DNA samples 
were approved for library construction and sequencing. TGAC sequenced 12 samples. Of 
these, 6 samples were assembled into contigs and four phytoplasma genomes were uploaded 
for annotation into iANT. In addition to these four, Saskia Hogenhout provided Maize bushy 
stunt phytoplasma genome sequence data for uploading into iANT. Thus, the PGSI school 
participants have access to sequence data of 5 phytoplasma genomes. The goals of the school 
are: (i) Learn how to annotate and use iANT for phytoplasma genome annotation; (ii) 
Understand annotation rules; (iii) Ensure annotations are consistent and harmonized; (iv) Agree 
on revisions of existing annotations as necessary; (v) Learn strategies for comparing 
phytoplasma and other mollicute genomes; (vi) Discuss the next phase of PGSI (e.g. draft 
sequencing of more phytoplasma genome? Focus on completion of a few phytoplasmas? 
Both?); (vii) Decide on topics for publications; (viii) Agree on date and location of next PGSI 
meetings. 

 
 

Phytoplasma sequence data processing and selection 
Michael Kube 
Humboldt University of Berlin, 14195 Berlin, Germany 
 

Shotgun sequencing of two batches of six samples each was performed by TGAC sequencing 
unit (www.tgac.ac.uk). Paired–end reads with a read-length of 100 bases were generated by the 
sequencing by synthesis approach (illumina).   
Initial metagenome analysis is based on incorporating all reads without preselection. Read 
numbers ranging from of 2 x 8 to 2 x 23 million reads have to be handled for de novo 
assemblies of the first batch. Second batch data shows increased read numbers up to 2 x 90 
million reads/sample. The challenge of assembling these high read numbers was considered for 
present and on-going analysis. Advantages and disadvantages of different assemblers such as 
Soap, CLC or Velvet were highlighted. 
First batch of data was assembled via CLC genomics workbench (http://www.clcbio.com) after 
an initial quality trimming. Analysis was performed using standard parameters with a few 
exceptions. The similarity index for matches during the assembly was increased from 0.8 to 0.9 
and the paired-end information was used for guidance.  Depending on the dataset 155-2,068 
contigs with an initial minimal length of 300 bp were obtained.  
For taxonomical assignment contigs were extracted and compared via BLASTX against NCBI’s 
NRPROT database (www.ncbi.nlm.nih.gov). BLASTX results were analysed via MEGAN 
(Huson et al., 2007) taking into account the usage of contigs instead of read data. Contigs were 
selected in MEGAN assigned to the taxonomical levels Tenericutes, Acholeplasmataceae or 



 4 

‘Candidatus Phytoplasma’ depending on the enrichment and input material.  However, numbers 
of phytoplasma assigned to contigs start from a handful representing a few kilobases up to 283 
contigs. Four data sets contain >430 kb phytoplasma assigned draft sequence each.  
Selected contigs were provided for processing via iANT and annotation training.     
 
 
Theoretical bases for bacterial genome annotation 
Xavier Foissac 
INRA, Villenave d’Ornon, F33140, France 
 

Genome sequence annotation consists in giving a meaning to a nucleotide sequence upon two 
annotation steps: (1) syntaxic annotation, which consists in describing structural elements such 
as structural RNAs or coding sequences (CDS), (2) functional annotation upon which a a 
function is assign to the structural element. Ribosomal RNAs are usually predicted using using 
sofwares trained on a rRNA database (Ex: RNAmmer) and tRNAs can be detected by 
probabilistic models (Ex tRNA-ScanSE). CDS predictions are achieved by programs that build a 
model based on Hidden Markov Chains after being trained on a dataset of known CDS (Ex: 
Genemark, Glimmer or FrameD). The predicted protein sequences are compared to protein 
databases to look for similarity. A function can be given to the CDS if an ortholog with known 
function is found in the database, with a minimum identity of 20-30% over at least 80 % of the 
proteins length. Additional search for functional protein domains (interPro hit), transmembrane 
domains (TMHMM) can help further in the annotation. In some complex cases, phylogenetic 
analysis of the protein family must be performed in order to ascertain protein function. To avoid 
imprecise or false descriptions Gene Onthology provides a controlled vocabulary of terms 
(www.geneontology.org). 
 
 
iANT 2.0 an integrated platform for genome semi-automatic annotation 
Xavier Foissac 
INRA, Villenave d’Ornon, F33140, France 
 

The annotation platform iANT was initially developed for the annotation of Ralstonia 
solanacearum and Sinorhizobium melliloti genomes by LIPM at INRA, Toulouse. It implements 
automatic prediction of structural RNAs and coding sequences with frameD (CDS). Predicted 
proteins are compared to Uniprot and reference genomes and searched for protein domains 
(interPro) and transmembrane segments. Protein domains hits and similarity alignments are 
presented in a CDS comprehensive page with several links to Uniprot and interPro or other 
iANT annotation platforms. Comparison of local synteny with reference genomes can be 
accessed through Narcisse instances. Expert annotation consist in the attribution of a 
description for the proteic product, a gene name if applicable, a functional class, an EC number 
for metabolic activities and Gene Ontology terms. All annotations can be retrieved after 
searching the annotation fields and sequences can be compared to the iANT database of the 
annotated genome. 
 
 
MolliGen 3.0 – A database dedicated to the comparative genomics of mollicutes 
Pascal Sirand-Pugnet 
INRA, Villenave d’Ornon, F33140, France and University of Bordeaux, Segalen, France 
 

MolliGen is a database dedicated to the explorayion and the comparison of mollicute genomes 
(Barré et al., NAR, 2004). Bacteria belonging to the class Mollicutes were among the first ones 



 5 

to be selected for complete genome sequencing because of the minimal size of their genomes 
and of their pathogenicity for humans and for a broad range of animals and plants. An ever-
growing number of genome sequences becomes available and constitutes a precious basis for 
a wide diversity of applied and fundamental researches including, development of typing 
markers, vaccine design, metabolic networks reconstructions, evolution and “omics” studies 
and, recently, synthetic biology. In order to provide tools for the comparative genomics of 
mollicutes to the scientific community, we have developed a web-accessible database named 
MolliGen that was first released in 2003 (Barré et al., 2004. Nucleic Acids Res 32: D307-310). 
We present here the functions that have been implemented in release 3.0. This database is 
freely accessible as a web-resource at URL: http://molligen.org/. Note: We recommend the use 
of Mozilla FireFox brwosers: popup option or the navigator should not be disactivated. MolliGen 
is useful for exploring mollicute genomes and comparing (mollicute) genomes. The genomic 
sequence deposited in MolliGen as well as related annotation data are inferred from the 
corresponding GenBank (Benson et al., 2012. Nucleic Acids Res 40: D48-53) entries. Most 
genomes implemented in MolliGen are all publicly accessible from such general databases. 
Additionally, some unpublished genomes can be integrated in MolliGen. Datasources for CDS 
predictions and annotations are inferred from GenBank files; Metabolic pathway, enzymes and 
functional categories are from KEGG (Kanehisa et al., 2012. Nucleic Acids Res. 40: D109-114). 
Several tools available in MolliGen were developed by others; links and information are also 
provided in this tutorial. 
 
 
Guest lectures: 
 
Two guest lecturers presented seminars. These were Dr. Melanie Febrer (The Genome 
Analysis Centre (TGAC), Norwich, NR4 7UH, UK) and Dr. Chih-Horng Kuo (Institute of Plant 
and Microbial Biology, Academia Sinica, Taipei, Taiwan).  
Dr. Febrer presented an overview of TGAC goals and projects. TGAC handles the library 
construction, sequencing operations and bioinformatics of various projects. Library construction 
includes quality control of the incoming samples, construction of different library types and 
library profiling. A good quality DNA sample has to be of good quality (RNA free, high molecular 
weight and free of contaminants such as ethanol, phenol and proteins) and quantity (appropriate 
quantification essential; Qubit 2.0 Fluorometer is preferred above NanoDrop ND-100). TGAC 
constructs Illumina, 454 and SOLiD libraries. Sequencing equipment at TGAC includes: three 
types of Illumina sequencers, including the HiSeq 2000, and Life Technologies, Roche 454 and 
PacBio RS sequencers. Overviews of the Illumina, Roche 454 and Pacific Biosciences 
technologies are available in a recent review (Nature Reviews Genetics 11, 31-46, January 
2010). Illumina generates read lengths of about 100 bp of in total 160 Gb in approximately 12 
days, Roche 454 generates read lengths of up to 400 bp of in total 400 Mb in about 10 hours, 
SOLiD generates reads of 75 bp in lengths of in total 200 Gb in 10 days, and finally PacBio RS 
generates read lengths of 2 – 10 kb of in total 40 Mb in about one hour.  
TGAC processed two sets of 6 phytoplasma DNA samples at the time of the PGSI school. They 
successfully constructed 12 libraries. For library construction, the phytoplasma DNA was 
sheared at 300 bp with Covaris S2 instrument, the DNA was blunt-ended, A-tailed and ligated to 
adapters. The ligated fragments were size selected at about 450 bp. Quality analysis of the 
libraries of the first set of 6 samples revealed insert sizes of in between 439 bp to 552 bp at in 
average 14.08 nM concentrations. Each set of 6 samples were pooled in one lane of the 
Illumina HiSeq for 100-bp paired-end sequencing. In total 98 million reads were generated 
ranging from 8.1 million to 22.5 million reads per sample.  
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There may be several strategies for sequencing the phytoplasma genomes to completion. 
These are Roche 454 shotgun and Roche shotgun + Illumina Mate pair sequencing of 2-5 kb 
fragments. For the latter, TGAC has validated protocols for 2-5 kb Illumina Mate pair library 
construction. This method requires very high quality high molecular weight DNA and minimally 
30 µg of DNA. It does not allow the multiplexing of multiple samples in one lane making the 
sequencing somewhat expensive. Other strategies are a combination of Illumina (500-600 bp 
fragments) and PacBio (2 – 10 kb fragments) and a combination of various Illumina Paired and 
insert libraries (about 180-kb inserts, 500-600 bp inserts and 1 kb inserts). Newer technologies 
that may be used are 2 x 150bp/2 x 250 bp Illumina chemistries and the Oxford Nanopore 
(AGBT). These still need optimization. 
Acknowledgements: Sophie Janacek and Chris Watkins (Project Management), Melanie Febrer 
(Library Construction), Kirsten McLay (Sequencing Operations) and Nizar Drou (Bioinformatics). 
 
Dr. Chih-Horng Kuo presented two times. The first was a seminar for the entire John Innes 
Centre. The title of the seminar was “Comparative Analysis of Gene Content Evolution of 
Mollicutes” (Tuesday Feb 21, 2012. 11:30 – 12:30 AM). The second was an overview of 
Annotation Issues in Mollicutes at the PGSI school (Tuesday Feb 21, 2012. ca 1.30 PM). Dr. 
Kuo also conducted alignments among AY-WB, OY-M and MBSP genomes and presented 
these results on Friday morning. 
 
 
Assembly results (Michael Kube) 
 

The processing of paired-end sequence data provided by TGAC includes (i) read-trimming and 
assembly (CLC Workbench), (ii) BLAST-based taxonomy assignment (BLASTX, MEGAN) and 
(iii) assignments of contigs to taxonomical categories. TGAC delivered high quality data for the 
first round of 6 phytoplasma DNA samples. The number of reads for each of these sample 
ranched from 15,956,383 to 43,944,536. Assembly and contig assignments were successful for 
5 out of 6 samples resulting in 283 contigs (593 kb) for Stolbur phytoplasma (16SrXII-A), 237 
contigs (totaling 478 kb) for ‘Ca. P. rubi’ (16SrV-E), 53 contigs (totaling 522 kb) for Flavescence 
dorée PGYA type (16SrV-D), 245 contigs (totaling 131 kb) for ‘Ca. P. asteris’ (16SrIB) and 91 
contigs (totaling 430 kb) for ‘Ca. P. aurantifolia’ (WBDL; 16SrIIB). The sample of ‘Ca. P. asteris’ 
was not enriched for phytoplasma DNA by cesium chloride centrifugation, while the other 
samples were. This is in agreement with the finding that the ‘Ca. P. asteris’ sample generated 
the least amount of genome sequence. Assembly and contig assignments for the 2nd round of 6 
phytoplasma DNA samples and adjustments of the processing pipeline are ongoing. The current 
timeline for assembly and contig assignment is approximately 5 weeks upon retrieval of SBS 
reads from TGAC.  
 
Annotation results 
 

The annotations were been completed, but the following results were achieved during the 
school: 
 
Maize bushy stunt phytoplasma (MBSP) (16SrIB) 

- Uploaded into iANT: two contigs totaling 581,384 bp (near complete genome) – this 
genome was not part of the PGSI effort; sequences were obtained previously and were 
made available to the PGSI trainees to learn how to annotate. 
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- All tRNA genes were present 
- Glycolysis enzymes 5.3.1.9 , 2.7.1.11 , 4.1.2.40 , 1.2.1.-, 2.7.2.3 , 2.7.5.3, 4.2.1.11 , 

2.7.1.40 and 1.8.1.4 were found 
- Genes involved in basic DNA replication were found 
- HflB, Peptidases M22, M41 and P-type ATPase ZntA and MgtA were found 
- ABC transporters for maltose, Cobalt, Mn/Zn, oligo-peptide and multidrug were 

identified. 
- Homologs of surface proteins AMP and IMP were found, whereas no VMP homolog was 

identified. There are at least 13 additional membrane proteins encoded in the MBSP 
genome. 

- Components of PMUs were identified. 
- Bacterial conserved hypothetical proteins: > 16; Conserved hypothetical proteins specific 

to phytoplasmas: > 12; Hypothetical proteins: > 11. 
 
Stolbur phytoplasma (16SrXII-A) 

- Uploaded into iANT: Seven contigs totaling 469 kb (some sequence information was 
obtained from PGSI and some sequence information was previously obtained). 

- Number of annotated CDS: 408 of 138 involved in information transfer (replication, 
transcription, translation), 82 in metabolism, 32 in transport, 0 in phage and insertion 
sequences, and 118 cryptic functions (i.e. bacterial conserved hypothetical proteins, 
conserved hypothetical proteins specific to the phytoplasma genes or hypothetical 
proteins). 

- DNA recombination: RecA (1x), RuvA (0x), RuvB (0x), RuvX (1x) and DNA repair (8x). 
- Glycolysis enzymes 5.3.1.9 , 2.7.1.11 , 4.1.2.40 , 1.2.1.-, 2.7.2.3 , 2.7.5.3, 4.2.1.11 , 

2.7.1.40 and 1.8.1.4 were found. 
- Proteolysis: HflB (4 x), PepP (1x), lon (1x), oepF (1x), and P-type ATPases ZntA (1x) 

and MgtA (3x). 
- ABC transporters for cobalt (1x), Methionine (1x), ABC-type aa transport permease 

component (1x), and citrate/malate transporter CitS (2x). 
- Homologs of Amp (1x), Imp (1x) and Vmp (4x) were found. 

 
Ca. P. rubi (16SrV-E) 

- Uploaded into iANT: 34 contigs totaling 245 kb (remaining contigs were too small for 
annotation). 

- Number of annotated CDS: 245 of which 61 involved in information transfer (replication, 
transcription, translation), 32 in metabolism, 7 in transport, 1 in phage and insertion 
sequences, and 148 cryptic functions (i.e. bacterial conserved hypothetical proteins, 
conserved hypothetical proteins specific to the phytoplasma genes or hypothetical 
proteins). 

- DNA recombination genes were not annotated but are probably present 
- Glycolysis enzymes 5.3.1.9 , 2.7.1.11 , 4.1.2.40 , 1.2.1.-, 2.7.2.3 , 2.7.5.3, 4.2.1.11 , 

2.7.1.40 and 1.8.1.4 were found. 
- Proteolysis: HflB (1 x), lon (1x), gcp (1x), unnamed (4), and P-type ATPases ZntA (1x) 

and MgtA (1x) and unnamed (1x). 
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- ABC transporters (17 total) for maltose (4x), cobalt (1x), Methionine (1x), ABC-type aa 
transport permease component (1x), and citrate/malate transporter CitS (2x). 

- Cryptic genes (encoding Bacterial conserved hypothetical proteins, conserved 
hypothetical proteins specific to phytoplasmas and hypothetical proteins): 29 x  

 
Flavescence dorée PGYA type 

- Uploaded into iANT: about 53 contigs totaling 565 kb. 
- Number of annotated CDS: 471 of which 177 involved in information transfer (replication, 

transcription, translation), 74 in metabolism, 42 in transport, 5 in phage and insertion 
sequences, and 144 cryptic functions (i.e. bacterial conserved hypothetical proteins, 
conserved hypothetical proteins specific to the phytoplasma genes or hypothetical 
proteins). 

- DNA recombination: RecA (1x), RuvA (1x), RuvB (1x), RuvX (0x) and RecU (1x). 
- Glycolysis enzymes 5.3.1.9 , 2.7.1.11 , 4.1.2.40 , 1.2.1.-, 2.7.2.3 , 2.7.5.3, 4.2.1.11 and 

2.7.1.40 were found. Lpd (1.8.1.4) was not identified.  
- Proteolysis: HflB (2 x), metallo peptidases (7x), and P-type ATPases ZntA (1x) and MgtA 

(1x) and unnamed (2x). 
- ABC transporters (28 total) for maltose (0x), cobalt (1x), Mn/Zn (3x), Methionine (3x), 

Spermidine/Putrescine (2x), Oligopeptide (4x), fused lipid transporter (1x), and 
citrate/malate transporter CitS (0x). 

- Total number of surface proteins is 62; Homologs of Amp (0x), Imp (1x) and Vmp (3x). 
- Components of PMUs: ssb (3x), himA (1x), hflB (2x), tmk (1x). Transposases (insk; 1x). 

Phages (xerC; 1x). 
 
Ca. P. aurantifolia (WBDL; 16SrIIB) 

- Uploaded into iANT: about 28 contigs totaling 386,148 bp (remaining contigs were too 
small for annotation). 

- Number of annotated CDS: 290 of which 120 involved in information transfer (replication, 
transcription, translation), 37 in metabolism, 23 in transport, 4 in phage and insertion 
sequences, and 62 cryptic functions (i.e. bacterial conserved hypothetical proteins, 
conserved hypothetical proteins specific to the phytoplasma genes or hypothetical 
proteins). 

- DNA recombination: RecA (1x), RuvA (1x), RuvB (1x), RuvX (0x) and RecU (1x). 
- Glycolysis genes were largely absent except for 2.7.1.40 and 1.8.1.4. 
- Proteolysis: HflB (0 x) and P-type ATPases ZntA (1x) and MgtA (1x) and unnamed (1x). 
- ABC transporters (17 total) for maltose (0x), cobalt (2x), Mn/Zn (4x), Methionine (0x), 

Spermidine/Putrescine (4x), Oligopeptide (1x), others (2x), and citrate/malate transporter 
CitS (0x) and others (4x). 

- Total number of surface proteins is 11; Homologs of Amp (0x), Imp (1x) and Vmp (0x). 
 
Main summary and PGSI outlook: 

PGSI generated genome sequence information and partial annotation of 5 new 
phytoplasmas so far. It is expected that sequence information of more phytoplasmas will 
become available soon. PGSI school attendees will annotate the phytoplasma genomes as 
soon as they become available in iANT.  
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The next phase of PGSI is to select a number of phytoplasmas for which the genomes will be 
sequenced to completion. It was proposed to subdivide PGSI into subteams. These may be: 
The Aster Yellows (16SrI) team, the 16SrXII (Stolbur and relatives) team, the 16SrX (apple 
proliferation, pear decline and stone fruit yellows and relatives) team, the coconut phytoplasmas 
team and the WBDL (and related phytoplasmas) team. Each of these teams will work together 
and target one or a few phytoplasmas for further sequencing and annotation.  

We propose to organize a meeting for all PGSI sample submitters (at least 18 participants) in 
December 2012, Berlin. In this meeting we will assess progress with annotations and further 
discuss the next phase of PGSI. We expect that most PGSI participants will have completed the 
phytoplasma genome annotations by the beginning of 2013. We plan to organize a second 
PGSI annotation school at the John Innes Centre, Norwich, UK in March 2013. The goal of this 
school is compare annotations, revise annotations as necessary and compare the overall 
phytoplasma genome contents and (gene/operon) structures.  
 
 
Photos: 
 
Group photo: 
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